There are approximately 5,700 hospitals in the United States, 3,000-4,000 which are antiquated or obsolescing. The never ending quest to meet increased service demands, remain financially viable, to upgrade aging infrastructure, and to incorporate state-of-the-art medical and technology advancements leaves healthcare facilities in a perpetual state of construction. Outbreaks of nosocomial infections have historically been documented in association with construction and renovation activities within health care facilities. For most healthy individuals, environmental exposure to etiological agents results in no adverse effects, but immunocompromised patients are left susceptible to inadvertent exposures to opportunistic bacteria, fungi and viruses during construction.
Primum non nocere is a Latin phrase that means "First, do no harm" and is the fundamental axiom of medical ethics around the world. Since 1860, when Florence Nightingale first proposed fixed ventilation, fresh air, proper lighting, warmth and clean water as the "very first cannon of nursing," the phrase has been a sacred expression of hope and humility. This unfortunately carried with it the recognition that human acts with good intentions may also have unwanted consequences leading to the cliché, "Sometimes the cure is worse than the ill."
History
The now infamous 1999 Institute of Medicine (IOM) Study "To Err is Human: Building a Safer Health System" estimated that over 98,000 deaths a year could be attributed to medical errors; this statistic was momentous and is still being quoted thirteen years after its publication. Bursts of public outrage and campaigns by advocacy groups followed, giving precedent to quality assurance and patient safety becoming the mantra of the modern healthcare movement. "Never Events" have been defined as incidents that are: (1) clearly identifiable, preventable, and serious in their consequences for patients; and (2) indicative of a real problem in the safety and credibility of a health care facility. Much discussion has been held regarding how a nosocomial infection is classified as a Never Event. Clinically significant harm has to be demarcated but this can be difficult because of its subjective nature. The term "Hospital Acquired Condition" (HAC) is also applied, which infers that it is a reasonably preventable condition, which was not present or identifiable at the time of hospital admission, but was present during discharge. Unfortunately complications can occur that will result in death or complications regardless of precautions that have been taken. Threats of decertification, pay for performance incentives, and an energized national commitment to strict, ambitious, quantitative and well tracked national goals has brought together stakeholders to advocate "clean design", environmental risk management, standardization and innovation that creates positive, empirically measureable outcomes.
Evidence based design (EBD) research has recognized the influence of design on reduction of morbidity and incidence rates of nosocomial infections as they relate to health care construction when infection control measures are put in place in early the design phase of a project.
There are approximately 5,700 hospitals in the United States, 3,000-4,000 which are antiquated or obsolescing. To meet increased service demands, remain financially viable, meet needs to upgrade aging infrastructure and incorporate medical and technology advancements, healthcare facilities are in a perpetual state of repair, remediation and construction with over $200 billion dollars of construction expected between 2007 and 2015. [1] Health care construction has become a perilous business with dangers hiding behind walls and ceilings, waiting to unleash any number of infectious sources. [2] Rapidly advancing technologies have resulted in longer hospital stays for "sicker" increasingly susceptible patients being exposed to these hazards. For most healthy individuals, breathing ambient concentrations of airborne mold, opportunistic bacteria, fungi and viruses results in no adverse effects but immunocompromised patients are left defenseless to these during construction if proper precautions are not put in place to reduce exposure from environmental reservoirs. [3 -11] This "perfect storm" has increased the role of infection control in construction projects with outbreaks being documented back to at least 1976. [12, 13] The first general standards for healthcare construction were published in 1947 and evidence has continued to grow to support "clean" design and construction. The First Edition of the American Institute of Architects (AIA) Guidelines for Health Care Construction was distributed in 1987 and has since evolved to include infection control standards. The Association for Professionals in Infection Control and Epidemiology (APIC) released the report "The Role of Infection Control during Construction in Health Care Facilities" followed by American Society for Healthcare Engineering (ASHE) posting the first Infection Control Risk Assessment (ICRA) Matrix as a strategic tool to protect vulnerable patients and staff. These guidelines have given birth to a body of research that encompasses the impact that the hospital environment (or its disruption) has on patient and staff safety and includes the investigation of adverse events, root cause analysis and has resulted in reporting systems to track infection rates. Architects, engineers and construction contractors, environmental health scientists and industrial hygienists historically have directed the design and function of hospital's physical plants. Increasingly however, because of the growth of the number of susceptible patients and increase in construction projects, the involvement of hospital epidemiologists and infection control professionals is required. These experts help make plains for building, maintaining, and renovating health care facilities to ensure that the adverse impact of the environment on the incidence of health care associated infections is kept to a minimum. [14] 
Hospital Acquired Infections
Although the science of evidence based design is relatively new, there is growing support to substantiate that specific design features can improve outcomes. [1] Over the past 3 decades hospital acquired infections (HAI) have been studied on both major and minor jobs and have established an association with environmental disturbances including but not limited to: hospital construction, maintenance, demolition, and renovation. [11, 16, 24] [17] HAIs account for approximately 1.7 million infections and 99,000 associated deaths each year in the United States; 5,000 of those deaths are infections related to construction [9, 12] HAIs include urinary tract infections (32%), surgical site infections (22%), septicemia (14%) and pneumonia (15%). It is important to note that even though pneumonia is not the most frequently occurring form of HAI, this type of HAI has the highest mortality rate. Fungal infections comprise 9% of all HAIs, Candida accounts for 85.6%, Aspergillus 1.3% respectively. Pneumonia most common clinical presentation for airborne aspergillosis and evidence reveals a very high mortality rate and is reported up to 95%. [11] CMS in 2000 estimated that $5 billion dollars were spent on nosocomial infections which include increased length of stay and dramatically increased medication costs. [18] Ultimately hospitals will not only save lives but time, money and their reputations if the hospital does not elect to do a "work around" to keep their census up and rather take a positive, proactive approach. ICRA is much less costly then when corrections are needed. [2] Construction projects uncover reservoirs of disease producing agents during demolition and construction; the risk for transmittal must be identified prior to starting any work. Recognizing risk is not easy but certain conditions throw up red flags for exposures and when the most susceptible hosts need to be protected in the healthcare environment from infections that may result in significant morbidity and/or mortality. [14] Legionella, for example, is a waterborne pathogen that is acute gram negative bacteria. Legionella creates biofilm within plumbing fixtures, hot water systems, HVAC cooling towers, condensers, humidifiers, fountains, shower heads, storage tanks and stagnant water. Legionella has been under reported; the fatality rate of Legionella pneumonia of hospital patients is as high as 40% [19] Testing piping following utility disruptions; before and after construction will identify risk and lines can be flushed and/or treated to prevent transmission to consumers. Care must be taken not only in areas of active construction but also in areas that have been closed during construction, and areas that share mechanical systems, domestic water systems, portable water and sanitary sewers.
Etiologic agents, including fungal contamination inside the hospital is the result of a combination of various factors that are difficult to investigate; however, researchers have established that hospital infections caused by Aspergillus occur with greater frequency when construction work in hospital is taking place or has just been completed. This has been associated with the increase of dust in the air, which facilitates the spread of fungal particles. [11] Aspergillus is a spore-forming filamentous fungus that is ubiquitous in nature and generally air borne. It is the most common pathologic fungi, is thermotolerant to 45º C and buoyant [93] . It represents 40% of all home and hospital fungal contamination. [20] Outbreaks have occurred in association with environmental disturbances during construction with positive cultures being recovered in contaminated fireproofing materials; air filters in hospital ventilation systems, particleboard frames of air filters, ceiling tiles, rotted wood, disturbed cabling and contaminated carpeting. Environmental sources also have included unfiltered outside air entering hospital through gaps in filters, windows, backflow of contaminated air; spores released during excavation and moist environments (plumbing, leaks, rainwater, and air conditioning condensate). However, there have been no reported outbreaks of Aspergillus traced to water sources. These examples illustrate the need for efforts to be undertaken to reduce the opportunities for Aspergillus spores to leave their reservoirs during construction and other activities which release and disperse the spores. [11, 21] This raises issues regarding environmental culturing for Aspergillus. In general routine culturing of the environment is not recommended except in a few specific circumstances. These include when construction is within or adjacent to units housing immunocompromised and/or neutropenic patients, monitoring of dialysis water and dialysate, infant formulas, and when implicated in an epidemiologic investigation. [11, 21] Aspergillus is the most frequently acting as the causative agents in 53 outbreaks of healthcare associated invasive aspergillosis affecting 458 patients. [102, 104] Pulmonary aspergillosis has been increasing dramatically in the last 30 years due to the increasingly frequent use of immunosuppressive therapy and is most common pulmonary mycosis in patients with hematological malignancies. [22, 23] 
Literature Search
In completing a literature search, we found evidence scientifically linking construction work and  A small retrospective case control study revealed that invasive fungal infection (IFI) cases that were confirmed on autopsy were more likely to have been hospitalized during hospital construction work. A separate clinic-epidemiological study found that rates of IFI rose 1.2% pre construction to 7.9% when construction was at its peak. [24]  A study conducted at a university teaching hospital in Australia including patients served in an intensive care and hematology-oncology units during a construction project. Both air sampling before and after construction and a retrospective medical record review showed no difference of aspergillus infections before or after construction if adequate ICRA precautions are 
When preparing to begin a construction project, it is important to assemble multidisciplinary team, review the facility's Construction and Renovation Policy and identify specific needs. [28] A
Pre-Construction Risk Assessment (PCRA) should be performed this will help in filling out the ICRA Matrix. [3] The PCRA is used to determine the overall impact of the project on the patient care environment from various issues. These issues include disruption of essential services, patient placement or relocation, location of barriers, impact on egress, fire suppression and various other life safety issues. The ICRA matrix evaluates and assigns risk to construction activities based on invasiveness, scale, duration, dust generating potential [3] . There are four classes of ICRA which are determined by evaluating four levels of patient risk against four levels of construction activity. The four classes of ICRA each give direction as to the type of precautions which will be required to complete the project. An ICRA permit is then issued which outlines the precaution measures. The ICRA Permit should not be seen as a one-time evaluation but must be issued and referred to as a living document throughout the life of the construction project.
[63] The importance of completing the PCRA and ICRA during the planning of a project is crucial to the overall success of a project. [10] The multi-disciplinary team responsible for developing these documents is critical in keeping the documents active until the project's completion and hand off to the end-user. [9] The FGI Guidelines give a general statement as to the make-up of the ICRA Team. [ [29] The team is to be involved in the project from design to completion. Regular project meetings should be held ICRA should be discussed and documented in the minutes for the duration of the project. This is crucial to showing evidence of compliance. [2] Any member of the ICRA team should have the authority to stop work if necessary. [7] It is important to define the ICRA requirements in the pre-bid contract documents. The Preconstruction Design ICRA Plans give directions for compliance; barrier locations, anterooms, negative airflow requirements, adjustment of ventilation system in adjacent areas, debris transfer, emergency routes, monitoring equipment recommendations. [6] The commencement of the project into active construction should begin with a review of the ICRA requirements with the General Contractor (GC). The ICRA barriers must be established and inspected by the ICP prior to demolition commencing. [30, 29] The establishment of ICRA Containment can be as simple as closing doors or as complex as construction of temporary walls and establishing negative airflow. [5, 26] Barriers are only one part of the overall ICRA precautions. A path for debris removal and deliveries to the work site must be designated; this would include elevators, stairwells and exits.
Considerations for coveralls and shoe covers, proper covering of equipment, supplies and debris, tacky mats, air flow monitors and site cleanup are all crucial. [5, 7, 13] Establishing and maintaining negative air flow is one of the most critical factors in a successful ICRA project.
Whether the project is within a facility or outside adjacent to it, air flow and air filtering must be seen as a top priority. Just because a project is outside (paving, roofing, demolition) or an external addition does not mean an ICRA plan is not needed. Factors such as air intakes, building openings and prevailing winds must be addressed prior to work commencement. [4] Consideration must be made for increased preventative maintenance and filter checks or changes when air intakes are identified as being at risk. Simply wetting down of the debris can greatly reduce dust/particulate load. Regular site rounds, air sampling for particulate load should be done routinely. [4] These, and other practices, when applied consistently, greatly reduce the risk associated with construction activities. [24] Post construction cleaning and documentation is essential, including, where indicated, the absence of fungi/fungal spores and/or laser particulate counts. [3] 
Practical Application
The University of Pittsburgh Medical Center (UPMC) is multi-facility health system with a wide range of facilities ranging from large urban, tertiary care teaching facilities to small community Bringing a health system of the size of UPMC to consensus is similar to turning an aircraft carrier; it requires many people to be engaged toward a common goal. This process took the better part of two years to complete and changes continue to occur. Support from administration was a critical step in making the needed changes. The multidisciplinary approach started with merging of policies into one System Construction policy. This policy gives Infection Control a formal place in the construction process and sets the system ICCM and hospital ICP as a gate keepers to the ICRA process. The policy was added to the construction contract documents which then make the design team and contractors contractually bound to ICRA requirements.
The system ICCM is responsible for assuring compliance with the ICRA policy throughout the health system. Contractors now know that no matter which facility they are working in, the same standard is expected.
The knowledge gained at UPMC over the previous five years has led to a focused organized approach to all construction activities from great to small. With this in mind, a focused search of published literature, studies and current guidelines was performed. The information available reaches a consensus on several key points. First, construction and renovation activities within an active hospital can impact the patient care environment. Second, fungus, mold, and legionella are the main culprits in causing HAI's during construction. The third point is that an organized, pre-planned system of interventions has the greatest impact on reducing the first two points. 
Education

Future Research
So as we look to the future of healthcare and healthcare design for safety initiatives, we need to contemplate future research. Haiduven suggests topics such as-how to detect smallest number of colonies in the environment; how to make additional materials fungicidal; how to control neutropenia/immunosuppressive states; and potential use of vaccines. [11] Others include:
 Exploring ways to improve the utility of adverse event reporting, including evaluating the comparability of data reported across entities and streamlining reporting mechanisms  Develop efficient and meaningful data collection, management and analysis methods.
 Estimate the extent and nature of nosocomial infection as it relates health care construction.
 Establish comparative data on nosocomial infections and identify changes in the incidence of infections and pathogens as they relate to health care construction and renovations.
 Conduct collaborative research studies on construction related nosocomial infection.
 Comparative studies showing cost benefit analysis of ICRA precautions looking at direct medical costs including fixed costs (buildings, utilities, labor, etc.), variable costs (medications, treatments, testing, etc.), non-medical costs (lost wages, diminished productivity, etc.) and intangible costs (psychological costs, pain/suffering, etc.). [31]  Studies documenting risk reduction resulting from education of health system employees, contractors and patients.
Conclusion
What is made clear in current research, and literature supporting empirical evidence is the importance of the multidisciplinary team approach to a successful ICRA program. It is essential to have buy in from the hospital leadership down to the facilities program management; from the architects and engineers to the manufacturers and installers; to all others that hold a stake in following through the ICRA plan. Ultimately, any work being performed within the healthcare facility is done to improve patient outcomes; from a minor repair to the construction of a new facility, the ICRA process begins and ends with the patient's welfare as the catalyst for the process. Efforts to mitigate risk, improve clinical outcomes, provide constancy of purpose and improve economic outcomes will remain dynamic and will continue to be based on the guiding precept "First, Do No Harm." So, as we open the proverbial "Pandora's Box" during construction, open it slowly to prevent any unintended consequences and move forward with confidence when embarking on infrastructure upgrades, keeping safety the driving force.
